This study was aimed (i) to develop an effective method for the purification of ginsenosides for industrial use and (ii) to compare the distribution of ginsenosides in cultured wild ginseng roots (adventitious root culture of Panax ginseng) with those of red ginseng (steamed ginseng) and white ginseng (air-dried ginseng). The crude extracts of cultured wild ginseng roots, red ginseng, and white ginseng were obtained by using a 75% ethanol extraction combined with ultrasonication. This was followed sequentially by AB-8 macroporous adsorption chromatography, Amberlite IRA 900 Cl anion-exchange chromatography, and Amberlite XAD16 adsorption chromatography for further purification. The contents of total ginsenosides were increased from 4.1%, 12.1%, and 11.3% in the crude extracts of cultured wild ginseng roots, red ginseng, and white ginseng to 79.4%, 71.7%, and 72.5% in the final products, respectively. HPLC analysis demonstrated that ginsenosides in cultured wild ginseng roots were distributed in a different ratio compared with red ginseng and white ginseng.
Ginseng (Panax ginseng, C.A. Meyer) has been used as a tonic, antifatigue, sedative, and antigastric ulcer drug for thousands of years. Recently, many studies have suggested that its pharmacological effects are mainly due to ginseng saponins [5, 14] . However, it takes several years to cultivate ginseng in fields and also needs very sophisticated care because its growth conditions (i.e., soil, climate, and pathogenesis) are very difficult to control. For these reasons, low yields and high costs hamper efforts to meet the demand of increasing markets. In general, cultured wild ginseng roots (adventitious root culture of Panax ginseng) are easily obtained by using a plant cell culture technique for the production of ginseng and its active ingredient, ginsenosides, rather than natural cultivation. With the cell culture technique, fastidious and complicated conditions for the production of ginseng and ginsenosides can be overcome and optimized. Although many attempts have been made to isolate ginseng saponins [8, 9] , these were good only for separation of each single ginsenoside from the total ginsenosides products. Prior to the process, large amounts of total pure ginsenosides should be obtained for its latter separating process and bioassay. Generally, separation of the ginsenosides was usually performed by using organic solvents [12] , which are not suitable for use in food or medicine. There is an alternative purification method to use adsorbents such as silica [6] and Diaion HP 20 [7, 11] , but this method also needs to use toxic organic solvents for the extraction of crude ginsenosides. In addition, the absorbents have poor specificity to select ginsenosides with low efficiency. Thus, a selective and high-yield purification method for ginsenosides needs to be developed. In this study, three different macroporous resins (AB-8, IRA 900 Cl, and XAD 16) were used to separate total ginsenosides from cultured wild ginseng roots (CWG, adventitious root culture of Panax ginseng), red ginseng (RG, steamed ginseng) *Corresponding author Phone: 82-51-999-5467; Fax: 82-51-999-5636; E-mail: jmha@silla.ac.kr and white ginseng (WG, air-dried ginseng). In addition, ten ginsenosides (Rb 1 , Rb 2 , Rc, Rd, Re, Rf, Rh 1 , Rg 1 , Rg 2 , and Rg 3 ) (Fig. 1) were quantitatively compared among three kinds of ginseng products by HPLC analysis.
Ten g of each ground sample (CWG, RG, and WG) was extracted with 200 ml of 75% ethanol in an ultrasonic bath for 120 min at 39 o C. Then, the concentrated extracts (40 ml) were passed through an AB-8 polar column (bed volume, 80 ml) to eliminate water, soluble impurities at the flow rate of 1 BV (bed volume)/h and the adsorbed ginsenosides were eluted with 3 BV of 70% ethanol (v/v) at 2 BV/h. The eluent was applied onto the Amberlite IRA 900 Cl strong base anion-exchange column at the flow rate of 1 BV/h to remove the pigments and loaded onto the Amberlite XAD 16 column to get rid of nonpolar substances. The final resulting eluent was collected and evaporated to yield dried powders. The purity of the ginsenosides was estimated by using ginsenoside Re as a calibration standard [1] . A good linear relationship was obtained in the range of 0.005 to 0.03 mg/ml, and the regression equation was: y=30.376x-0.0258 (R 2 =0.9983, n=5), where y represents the absorbance at 544 nm, x the concentration of total ginsenosides (mg/ml). Analysis of single ginsenoside content was performed on an HPLC system with a reversed-phase column (Zorbax Bonus-RP 4.6 mm×150 mm, 3.5 µm).
It has been known that macroporous resins are widely used in medicine manufacturing and in extraction of active ingredients in natural plants such as vitexin [2] , vanillin [15] , arabinogalactan [4] , scutellarin [3] , flavone compounds [10] , etc. As the macroporous resin has a lot of advantages of nontoxicity, good specificity, easy operation, low cost, and easy regeneration of resin, it can be a powerful method for industrial use instead of toxic organic solvents. Hence, here we also tried to develop the purification method to obtain high levels of yield and purity of ginsenosides from cultured wild ginseng roots, red ginseng, and white ginseng. As is shown in Table 1 , 3.12±0.14 g, 3.72±0.37 g, and 3.50±0.22 g of crude ethanol extracts were obtained from each 10 g of CWG, RG, and WG, respectively. However, the total ginsenosides content of each crude extract was only 4.0%, 12.1%, and 11.3%. After purification with the three macroporous resins, the purity of the ginsenosides increased to 79.4%, 71.7%, and 72.5% for CWG, RG, and WG, respectively, indicating that the purification steps used in this study significantly improved the purity of the ginsenosides in each product. Under the chromatographic conditions used in this study, all ten calibration curves exhibited good linear regressions (data not shown). Standard and representative chromatograms of purified ginsenosides products for CWG, RG, and WG were compared to be shown in Figs. 2A-2D . CWG contained similar ginsenoside types with RG and WG, but they were distributed in different ratios compared with the other two ginseng products (Figs. 2B-2D ). Some unknown small peaks observed in Figs. 2B-2D indicated that there are still some uninvestigated minor ginsenosides containing in each ginsenosides product. As shown in Table 2 , the content of protopanaxadiol-type saponins (Rb 1 , Rb 2 , Rc, Rd, Rg 3 ) was higher than that of protopanaxatriol-type ones (Re, Rf, Rg 1 , Rg 2 , Rh 1 ) in CWG and RG, whereas the contents were opposite in the case of WG. This result was inconsistent with the previous data reported by Wan et al. [13] that WG contained more protopanaxadiol-type saponins. One of the possible reasons for such a different result is that ginsengs cultivated in different areas might accumulate different ratios of the ginsenosides. The ratio of Rb 1 /Rg 1 , two major ginsenosides representing protopanaxadiol and protopanaxatriol, for CWG, RG, and WG were 2.90, 1.33, and 0.67, respectively. The Rb 1 content was higher than Rg 1 both in CWG and RG; however, the difference was much more significant in CWG. The Rg 1 /Re ratio of CWG, which contained more Re (95.1±0.4 µg/mg) than Rg 1 (54.3± 0.4 µg/mg), was contrary with those of the other two ginseng products. The Rd content in CWG (74.1±0.9 µg/ mg) was about seven times and twelve times more than that in RG (10.6±0.8 µg/mg) and WG (6.1±0.5 µg/mg), respectively. In addition, Rg 3 , a kind of minor ginsenoside, was found both in CWG and RG, but not in WG.
In conclusion, the purification of ginsenosides using three macroporous resins (AB-8, IRA 900 Cl, and XAD 16) significantly increased the purity of the total ginsenosides. In addition, the contents of each investigated ginsenoside in cultured wild ginseng roots, red ginseng, and white ginseng were quite different. These results assist the development of a new ginsenosides purification method and provide a possibility of high-quality but low-price ginsenosides products. Further study on how to improve the efficiency of purification of ginsenosides, and on the relations between ginsenosides distribution and their biological activities, should be undertaken. 
